The presented paper gives an overview about genetic diversity in Pinzgau populations in Austria and Slovakia. In total, 12 442 animals were included in the study representing the reference population. All living herdbook cows, dual purpose and beef, from both countries with a maximum foreign gene proportion of 12.5 % were considered. Thus, four subpopulations were analysed. Parameters of diversity based on probability of identityby-descent and probability of gene origin were computed by the methods of pedigree analysis. The average inbreeding coefficient (five generations taken into account) was 0.0186 (ΔF=0.0041), 0.0242 (ΔF=0.0047), 0.0151 (ΔF=0.0026), and 0.0126 (ΔF=0.0006) in the Austrian dairy (AD), the Austrian beef (AB), the Slovak dairy (SD) and the Slovak beef (SB) subpopulation, respectively. Effective population size ranged from 122.5 (AD) to 809.4 (SB). Effective number of founders was 67.3 and 106.6 in AD and SD and 73 and 212.3 in the AB and SB subpopulations. Effective number of ancestors was 29.59; 34.42; 42.36 and 73.81 in AD, AB, SD and SB, respectively. Effective number of founder genomes was 15.32; 18.15; 23.41 and 41 in AD, AB, SD and SB subpopulations, respectively. Similarities between subpopulations were calculated based on a cosine approach. The highest similarity was found between AD and AB (cosine value 0.9954). SD and AD subpopulations were very similar (cosine value 0.9181).
Abbreviations: AB: Austrian beef, AD: Austrian dairy, ΔF: increase in inbreeding, F: inbreeding coefficient, F all : inbreeding coefficient for all generations, F 5 : inbreeding coefficient for 5 generations, F 10 : inbreeding coefficient for 10 generations, f: number of founder, f a : effective number of ancestors, f e : effective number of founders, SB: Slovak beef, SD: Slovak dairy, N e : effective population size, N g : effective number of founder genomes
Introduction
An important way to assess the diversity of populations is to use measures calculated from genealogical information. Pedigree-derived parameters provide expectations across the whole genome, allowing the estimation (and maintenance) of variability at unknown sites. One of the most important measures that genealogical analysis allows is the probability of identity-by-descent (Mäki-Tanila et al. 2010) . Genetic diversity within populations is necessary for adaptive capacity and avoidance of inbreeding depression on the long term (Oliehoek & Bijma 2009 ). The negative effects of inbreeding depression on production and functional traits were e.g. presented by FuerstWaltl & Fuerst (2012) in Austrian Braunvieh, Maximini et al. (2011) in Austrian Simmental bulls, González-Recio et al. (2007) in Spanish Holstein, in Slovak Pinzgau and McParland et al. (2007) in Irish dairy and beef breeds.
The application of pedigree analysis in livestock diversity assessments was presented by Maignel et al. (1996) and Boichard et al. (1997) in French dairy cattle populations. Pedigree analysis in Pinzgau cattle was published by Baumung & Sölkner (2002) in Austria and Kadlečík et al. (2011) in Slovakia.
The parameters obtained from genealogical analysis provide useful tools for predicting the consequences for a given management scheme or for designing the resources for a conservation programme, where general variability is to be maintained (Mäki-Tanila et al. 2010) .
The aim of this paper was to perform the genealogical analysis of Pinzgau cattle in Austria and Slovakia as well as to determine the similarities between populations.
Material and methods

Pinzgau breed
Pinzgau is an original Alpine cattle breed from the region Pinzgau in Salzburg, Austria. Animals of this breed had been imported to Slovak mountain areas in the 19th century. In the central European region, it is nowadays considered as a dual-purpose breed with good milk and beef performance. Due to the changing economic conditions, a significant decline of Pinzgau cows' number can be seen in all countries with dairy herds. This situation is particularly striking in Slovakia where the majority of Pinzgau cows has been involved in crossbreeding; especially with Red Holstein-Friesian cattle. In 2012, the average milk yield was 5 524 kg (3.87 % fat, 3.28 % protein) in Austria (ZAR 2013) and 4 453 kg (3.85 % fat, 3.39 % protein) in Slovakia (Breeding Services of Slovak Republic 2012). Pinzgau is a unique cattle breed suitable for mountain regions with good longevity, fertility and adaptability under poor production conditions. According to FAO's Global Plan of Action (FAO 2007) , it is therefore necessary to preserve the breed and its genetic diversity. The providing of EU subsidies for endangered local breeds (Duclos & Hiemstra 2010 ) is a very important precondition to avoid further reduction of the breed.
Data
Pedigree information was provided by ZuchtData EDV-Dienstleistungen GmbH, Austria and The Breeding Services of Slovak Republic. The data set consisted of living pure-bred Pinzgau herdbook cows (max. 12.5 % foreign gene proportion) and was represented by 12 442 animals all together. These animals set up the reference population. Cows were divided into four different subpopulations: 1. Austrian dairy (AD, n=7 479), 2. Austrian beef (AB, n=3 143), 3. Slovak dairy (SD, n=1 183), 4. Slovak beef (SB, n=637). Dairy subpopulations were represented by dual-purpose and beef subpopulations by suckler cows, respectively. Slovak pedigree data was extended with Austrian pedigree information. The modification of databases and basic statistical procedures were performed by using of program packages SAS 9.2 (SAS Institute, Inc., Cary, NC, USA).
Methods
The presented analysis can be divided into the four following steps:
1. assessment of pedigree quality, 2. computation of diversity parameters, 3. searching of the most important ancestors according to their individual marginal contributions, 4. computation of similarities between populations (subpopulations). The first procedure evaluates the quality of pedigree information. One of the best measures to characterize pedigree quality is the complete generation equivalent. It is defined as the sum of the proportion of known ancestors over all traced generations (Maignel et al. 1996) . Further, we used the following groups of measures for determination of genetic diversity in the given reference population: a) parameters based on probability of identity-by-descent -inbreeding coefficient (F), increase in inbreeding (ΔF), effective population size computed via ΔF (N e ). b) parameters based on probability of gene origin -number of founders (f), effective number of founders (f e ), effective number of ancestors (f a ) and effective number of founder genomes (N g ). All calculations of measures describing genetic variability were carried out using the Fortran software package PEDIG (Boichard 2002 (Boichard , 2007 . Wright (1965) defines the coefficient F as the correlation between homologous genes of uniting gametes under a given mating pattern, relative to the total array of these in random derivatives of the foundation stock. The same author defines F as the probability that an individual has two identical alleles by descent. This coefficient was computed following the algorithm of Meuwissen & Luo (1992) . In our case, F was calculated using five generations (F 5 ), ten generations (F 10 ) and all generations traced (F all ) as well.
Inbreeding coefficient (F)
Increase in inbreeding (ΔF)
This very important measure can be defined as the difference between the average inbreeding coefficients of the offspring generation, compared with the average inbreeding coefficient of the parents' generation (Kearney et al. 2004) . It is calculated for each generation by means of the classical formula
where F t and F t-1 are the average inbreeding at the t-th generation (Gutiérrez et al. 2009) . A modification of this measure is the individual increase in inbreeding (ΔF i ) computed for each individual as
where F i is the individual coefficient of inbreeding and t is the equivalent complete generation (Maignel et al. 1996 , Gutiérrez et al. 2009 ). Most authors state that the trend of increase in inbreeding is more important than the inbreeding coefficient.
Effective population size computed via increase in inbreeding (N e )
The effective population size is the size of an ideal population showing the same rate of increase in inbreeding per generation as the non-ideal population (Sölkner et al. 1998 ).
Effective population size was computed according to the classical formula
where ΔF is increase in inbreeding.
Number of founders (f)
Lacy (1989) defined founder as an animal with no known genetic relationship to any other animal in the pedigree except for its own descendants.
Effective number of founders (f e )
This measure is defined as the number of founders that would produce a population with the same diversity of founder alleles as in the reference population if all founders had contributed equally to each descendant generation. It was computed as
where q k is the probability of gene origin of the k ancestor (Lacy 1989) .
Effective number of ancestors (f a )
Defined as the number of equally contributing ancestors that will produce the same genetic diversity as assessed in the population. It was computed as
where q j is the marginal contribution of ancestor j (Boichard et al. 1997) .
Effective number of founder genomes (N g )
This measure describes the probability that a gene from the founder population (i.e. founder allele) has been maintained in the reference population for a given locus and how balanced their frequencies are. It was computed as
where c k is the frequency of founder allele k (Boichard et al. 1997) . Each founder is represented by two unique founder alleles, therefore 2f founder alleles are presented in the population. A simulation is run spreading the founder alleles throughout the whole pedigree by randomly sampling one allele from each parent to create the genotype of a progeny (Sölkner et al. 1998) . This procedure was replicated several times. In our case, 10 000 replications were used for all populations.
Ancestor contributions
We computed individual marginal contributions of the most important ancestors in each subpopulation. The marginal contribution of an individual quantifies its contribution to the reference population, which has not previously been explained by greater contributing individuals (Boichard et al. 1997) .
Similarity between subpopulations
The goal of this procedure was to find out the level of similarity between subpopulations, because the gene migration between populations in Austria and Slovakia as well as between dairy and beef population can be observed. The proportions of genes for all founders in the total populations were calculated for each subpopulation. As each founder is represented by two alleles in the approach leading to N g , the sum of these two alleles was used to represent the proportion contributed by the founder. To compare two subpopulations A and B, the differences in contributions to these subpopulations of each founder present in the total population were used (Sölkner et al. 1998) . We used cosine of angle θ between the vectors of square roots of founder frequencies in subpopulations A and B according Jacquard´s (1974) formula:
This parameter has the advantage of being bounced by 0 and 1, a value of 1 indicating perfect agreement in founder contributions (Sölkner et al. 1998) .
Results and discussion
Quality of pedigrees
The total population consisted of 12 442 individuals. Austrian cows represented 85.37 % and Slovak ones 14.63 %. Only pure-bred cows were used in our investigation. The total Slovak Pinzgau population is represented by 3 101 herdbook cows in 2012, of those 1 820 pure-bred ones (Breeding Services of Slovak Republic 2012). The quality of pedigree information is a very important precondition to get reliable results of diversity assessments. The complete generation equivalent was used as the best measure to describe pedigree depth. Our results point out better quality of Austrian pedigrees in both subpopulations (average complete generation equivalents 7.36 in dairy cows and 7.10 in suckler cows). In the SD and SB subpopulations, the average complete generation equivalents were 5.14 and 4.03, respectively. The main reason of deeper Austrian pedigrees can be a longer history of animal recording in Austria than in Slovakia as well as possible incomplete pedigree availability for imported animals. The overview of complete generation equivalents in given supbopulations is presented in Table 1 . For a reference population of Austrian pure-bred Pinzgau cattle born between 1993 to 1997, Baumung & Sölkner (2002) presented a lower complete generation equivalent (5.33) than that of Tux-Zillertal (2.52) and Carinthian Blond (1.73; reference populations all living animals for both breeds). The same measure computed by Kadlečík et al. (2011) in Slovak Pinzgau population including crossbred animals was 3.16. Kadlečík et al. (2007) presented that the high completeness of pedigrees was well-preserved in parental generation of Slovak Pinzgau cattle. 
Measures based on probability of identity-by-descent
The average values of the measures based on probability of identity-by-descent are presented in Table 2 . Inbreeding is a very important factor affecting genetic diversity. It is responsible for an increase of homozygosity. Uncontrolled inbreeding leads to inbreeding depression which negative consequences have been presented by many authors. Especially small endangered populations are very sensitive to inbreeding level. To make our results comparable between subpopulations, we used an approach where an inbreeding coefficient was computed from five generations traced (F 5 ), ten generations traced (F 10 ) and all generations traced (F all ). The best measure is F 5 because most of animals had rather complete pedigrees up to the 5th generation. The F 5 was 0.0186; 0.0242; 0.0151 and 0.0126 in AD, AB, SD and SB subpopulation, respectively. As expected, inbreeding showed an increasing tendency with increasing number of generations included into computation. The greatest value of F 5 for a single animal was found in SD population (0.318). According to the F5 value there were 82.16 % inbred animals in AD, 77.35 % in AB, 61.96 % in SD and 16.17 % in SB subpopulation (Figure 1 ). Inbred animals were those which had F>0. High proportions of inbred animals point out that in future a more pronounced increase of inbreeding can be expected. Kadlečík et al. (2011) presented a lower inbreeding coefficient (F=0.0057) for the SD Pinzgau population but crossbred animals were included into this investigation and unknown pedigree information of Red HolsteinFriesian ancestors could lead to lower and thus underestimated F values. Baumung & Sölkner (2002) computed an average F=0.0209 with ΔF=0.0066 in Austrian Original Pinzgau. The inbreeding coefficient was roughly 3 % in endangered Tux-Zillertal population. Bouquet et al. (2011) presented the average inbreeding coefficients of roughly 1% in European Charolais and Limousine cattle. According to FAO (1998) increase in inbreeding of ΔF>0.01 can cause serious problems to maintain fitness in a breed. Greater increase in inbreeding reduces the diversity significantly. None of our subpopulations included in this study exceeded this value. It was 0.0041; 0.0047; 0.0026 and 0.0006 in AD, AB, SD and SB, respectively. Maignel et al. (1996) stated an increase in inbreeding of over 0.01 in French Holstein (0.0109), Normande (0.0107) and Tarentaise (0.0183). The effective population size is very useful measure to characterize the level of endangerment of the breed. In our study, the effective population size computed via increase in inbreeding was used. FAO (1998) regards the value N e <100 as the critical limit to consider a breed as endangered. All our subpopulations were outside this limit. The effective population size in SD (188.9) was greater than in AD (122.55 ). An increase of ΔF may lead to decline of effective population size. Maignel et al. (1996) computed N e =46 and N e =47 in French Holstein and Normande, respectively, which was incomparably lower that in our subpopulations. Effective population size is presumably overestimated in Slovakia, especially in the beef population due to lower pedigree depth. Higher pedigree completeness would lead to lower effective population size in that subpopulation.
Measures based on probability of gene origin
The basic measures of diversity based on probability of gene origin are presented in Table 3 . The highest number of founders was found in the biggest population (AD). The effective number of founders was incomparably lower than number of founders in all subpopulations. This fact points out unbalanced use of founders in process of populations' evolution. The difference between f e and f a in all investigated populations points out the bottleneck effect occurrence. The highest effective number of ancestors (f a =73.81) was found in SB population, while the lowest (f a =29.59) was found in AD population. The highest proportion of founder genes was maintained in SB population (N g =41), where the effective number of founders reached the highest value (f e =212.3) as well. Greater values observed in both Slovak subpopulations can however be the result of less complete pedigree information. Recently, Siderits et al. (2013) showed that a relatively small improvement of the pedigree information may lead to apparent changes in the measurements of genetic variability. McParland et al. (2007) computed the effective number of founders from 55 in Irish Simmental to 357 in Irish Charolais and effective number of founder genomes from 24 in Irish Hereford to 58 in Irish Limousin. These results confirmed bottleneck as important factor affecting the diversity. Kadlečík et al. (2011) reported a value of f e =141 and f a =51 in Slovak Pinzgau, Baumung & Sölkner (2002) found f e =108.5 and N g =29.2 in Original Pinzgau. Sölkner et al. (1998) computed f e =66.2, f a =46.7 and N g =32.0 in Austrian Pinzgau. Unbalanced use of founders according to measures based on probability of gene origin was confirmed by Maignel et al. (1996) in French dairy cattle breeds. The difference between f e and N g confirmed genetic drift affecting genetic diversity loss in our population under study.
Genetic contributions
In each livestock population we can find some superior animals which have intensive impact on given population. Nowadays, thanks to globalization and strong international collaboration such animals and their progeny can be found in many different countries. Exchange of genetic material is an important way to preserve endangered breeds including Pinzgau. The most important ancestors were determined according to their individual contributions in subpopulations under study. Some animals were common for all subpopulations. Sire ADRIAN was the most important ancestor in each subpopulation. This bull is great-grandfather of sire MASCHA which was on the second to fourth place in all subpopulations' ranking of ancestors. The highest Adrian´s contribution can be observed in the Austrian dairy population (0.1180) while in the Slovak beef population it was only 0.0608. The Austrian list of top ten ancestors consisted only of animals born in Austria except the Red Holstein-Friesian sire BRAND RED born in Canada. Two dams were listed among the top ten contributing ancestors in both Austrian subpopulations while in Slovak subpopulations there were no dams among the top ten ancestors. The Slovak dairy population has been very intensively influenced by Austrian animals. The proof of this fact is the proportion of Austrian sires in the list of the most important ancestors in Slovak subpopulations. Except one, all sires in top ten ancestors were born in Austria. Top ancestors in Austrian subpopulations belong to the older generation while in Slovak subpopulations we can find younger ancestors with the highest marginal contribution. The cumulative contributions of 500 most important ancestors in investigated subpopulations are presented in Figure 2 . The curves of cumulative contributions in AD, AB and SD are very similar while the curve of SB subpopulation differs from previous subpopulations. The SB subpopulation was the smallest and originated from the dairy subpopulation only few years ago. The cumulative contributions of 500 ancestors were 0.9328; 0.9357; 0.9006 and 0.9812 in AD, AB, SD and SB subpopulations, respectively. Very similar trends in cumulative contributions of Irish dairy and beef cattle breeds were published by McParland et al. (2007) .
Similarities between subpopulations
Slovak breeding work is dependent on the import of AI sires from Austria for blood refreshment. To understand the process of populations' creation we have tried to evaluate the similarities between the Austrian and Slovak subpopulations. One of the measures is the cosine value of angle θ between the vectors of square roots of founder frequencies in two populations. When this value is close to 1 there is higher similarity between populations. A high similarity between populations means that the populations have inherited very similar genetic contributions from the same founders. In our case the highest similarity was found between AD and AB subpopulations (0.9954). The lowest similarity can be observed between AB and SB subpopulation (0.8601). The SB population has no long tradition (recent 10 years) and originated from former dairy herds, which was proofed by cosine value 0.9242. In Austria, beef Pinzgau has an incomparably longer history. During the next years an increase in beef populations can be expected in Austria as well as in Slovakia. The similarity between AD and SD subpopulations is high (0.9181) confirming very close relationship between both subpopulations. The same methodology was used by Sölkner et al. (1998) in Austrian cattle breeds and Bouquet et al. (2011) in European Charolais and Limousin populations. Pinzgau is considered as endangered breed in Austria as well as in Slovakia because the total population of the dual-purpose type has significantly decreased in recent years. From the genetical point of view, we cannot state that it is endangered population. In breeding programmes, the use of information based on genetic diversity studies can be a very important tool to maintain the population. Pedigree analysis is a very useful method which can ensure reliable output information for making decisions with regard to breeding strategies. Currently, the average inbreeding level in the analysed subpopulations is not alarming. However, future mating strategies should even more strongly aim at the reduction of inbreeding. It is necessary to optimize mating plans to avoid inbreeding problems and maintain fitness. Intensive international cooperation is necessary to exchange the breeding material. Austrian and Slovak populations are very similar which was confirmed by our results. The Slovak population can be a suitable genetic reserve for Austria in case of epidemic or other unexpected situations. Therefore, common diversity evaluations and breeding strategies should be very useful and help the breed and farmers in both countries.
